Endoscopy of the gastrointestinal and biliary tract is a common procedure and is routinely performed for therapeutic and diagnostic purposes. Perforation, bleeding and infection are some of the more common reported side effects. Air embolism on the other hand, is a rare complication of gastrointestinal endoscopy. We report a 77-year-old African-American female with a history of pancreatic cancer, which was resected with a Whipple procedure. As part of diagnostic and therapeutic procedure, an endoscopic retrograde cholangiopancreatography was planned several months after the surgery. The patient's heart rate suddenly slowed to 40 bpm during the procedure and she became cyanotic and difficult to oxygenate after the endoscope was introduced and CO 2 gas was insufflated. A forensic autopsy was performed with post-mortem computed tomography (PMCT) and revealed extensive systemic air embolism. The detailed PMCT and autopsy findings are presented and current literature is reviewed.
Introduction
Air embolism is a life-threatening medical condition with a high mortality rate. Air embolism is a rare complication of any gastrointestinal (GI) endoscopic procedure and requires a high clinical suspicion to make a diagnosis. Furthermore, the diagnosis must be made rapidly to prevent a potentially fatal outcome.
Air embolism can due to surgical procedures, especially neurosurgical intervention and intravascular procedures, scuba diving, penetrating trauma such as stab wounds or gunshot wounds, blunt trauma, cardiopulmonary resuscitation among others [1] [2] [3] . Although rare, air embolism can result from any endoscopic procedure, but is most commonly associated with endoscopic retrograde cholangiopancreatography (ERCP) [4] . Risk factors include previous surgeries of pancreas and biliary system, cholangitis, and inflammatory bowel disease [5] .
The mechanism by which air is introduced into the blood circulation is debated, but many investigators believe that mucosal damage due to high pressure air, biliary venous fistula and transection of duodenal vein radicles among others may be the underlying mechanism for the introduction of intravascular air [4, 6] .
In forensic medicine, detection of air embolism is important for determination of cause and manner of death. There are different methods used to identify the presence of gas in the right chamber of the heart, such as puncturing the right ventricle under the water [7] , aspirating the gas with a spirometer and analysing the gases [8] , and more recently, utilizing multi-detector computed tomography [9] . Regardless of the methodology used, the presence of putrefactive gas should be considered and differentiated from air embolism.
Clinical history and course
The decedent was a 77-year-old African-American female with a history of pancreatic cancer, which was resected approximately nine months previously with a Whipple procedure. She subsequently underwent radiation and chemotherapy. She had multiple readmissions for hematemesis and melena, and had several upper GI endoscopies and colonoscopies, which showed "gastropathy" and no active bleeding sites, although a bleeding site had been identified on Tcm99-NM RBC (technetium 99 nuclear medicine labelled red blood cell) scan. During her last admission, she presented with septicemia and was diagnosed with mycotic thrombus of the retrohepatic inferior vena cava (IVC) and portal vein. She underwent an AngioJet thrombectomy with partial removal of the mycotic thrombus, but later relapsed with a re-accumulation of mycotic thrombus at the IVC and she remained septic.
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Subsequently, an abdominal MRI scan was performed and showed borderline intrahepatic biliary dilatation to the hepaticojejunostomy with mural enhancement and mild, but diffuse bile duct thickening, suggestive of possible cholangitis. An ERCP was to further evaluate planned for the following day. The endoscopy procedure was complicated due to previous surgical intervention. A TJF -160VF-443 Olympus® duodenoscope was introduced under general anaesthesia through the mouth and advanced to the afferent limb of the jejunum. Normal air was used instead of CO 2 for insufflation. There was evidence of a patent gastrojejunostomy consistent with previous pancreaticoduodenectomy. The afferent limb was easily traversed, although the limb was tortuous to the point where a decision was made to not continue to traverse with a duodenoscope. The scope was withdrawn with a goal of exchanging for a paediatric colonoscope. Before insertion of the colonoscope, the patient's heart rate slowed to 40 s and she became dusky and difficult to oxygenate. A bedside echocardiography revealed air in the right ventricle of the heart. A code was immediately started, but the patient could not be resuscitated.
Post-mortem investigations
A forensic autopsy was requested. A full body Lodox stat scan was performed prior to the post-mortem computed tomography (PMCT) scan, which was suggestive of air in the right side of the heart, but the results were equivocal due to large patient size and overlying soft tissues (Figure 1) . A non-enhanced PMCT was performed 15 hours post-mortem with general electronic (GE) light-speed 16 16 row-detector scanner. The head and neck were scanned with a slice thickness of 0.625 mm, tube configuration 140 kV and 480 mA, rotation time 2 s, field of view 25 cm, detector configuration 16 mm £ 1.25 mm and beam collimation 10 mm. The chest, abdomen, pelvis and extremities were scanned with a slice thickness of 1.25 mm, tube voltage 140 kV and 364 mA, rotation time 1 s, pitch 0.938:1, detector configuration 16 mm £ 1.25 mm, beam collimation 20 mm and maximum field of view 65 cm. All images were reconstructed using the GE advanced work station (AW version 2.5-5) (General Electric, Milwaukee, WI, USA) and an Aquarius workstation (Terarecon, Foster City, CA, USA). The images were interpreted by a radiologist with experience in forensic radiology and a forensic pathologist with five years of experience in forensic radiology and a clinical radiology background.
The PMCT showed large amounts of air in the right ventricle, right atrium, left ventricle, main pulmonary artery, aorta, and vena cava, intracranial, renal, hepatic, mesenteric, and proximal femoral vessels (Figures 2-6 ). There was only minimal intraparenchymal air in the liver noted ( Figure 7 ). Air was also noted in the soft tissues of the chest (subcutaneous emphysema), due to multiple anterolateral rib fractures and fractured sternum as a result of aggressive resuscitation. Additionally, there was a moderate amount of ascites noted.
The significant autopsy findings were extensive adhesions and fibrosis in the upper abdominal region with extensive anatomic distortion, making the dissection of the vessels very difficult to impossible. The liver was firm and fibrotic, and there were moderate amounts of ascites in the peritoneal cavity. There were occlusive thrombosis of two hepatic veins, portal vein and a non-occlusive thrombus of the retrohepatic IVC. The review of other organ systems was unremarkable, except for mild left ventricular hypertrophy and cardiomegaly. There was no patent foramen ovale noted. Histologic examination of the liver was remarkable for non-occlusive, organizing thrombus of IVC and organizing and occlusive thrombosis of hepatic veins. The lungs showed extensive intravascular giant cell formation and granulomas containing polarizable material, hemosiderin and vegetable material surrounded by inflammatory cells. The cause of death was certified as air embolism complicating upper GI endoscopy. IVC and hepatic vein thrombosis, pancreatic carcinoma in remission (status post-Whipple procedure) and intra-abdominal fibrosis were listed as contributing factors. The manner of death was classified as natural.
Discussion
Fatal and non-fatal air embolism caused by GI endoscopy and biliary system diagnostic or therapeutic procedures is a rare occurrence. Among GI endoscopic procedures, ERCP is most commonly associated with air embolism and the symptoms characteristically occur during the position changes from prone to supine [5] . Other reported endoscopic procedures associated with air embolism include sigmoidoscopy [10, 11] , colonoscopy [12, 13] , gastroduodenoscopy [14] and esophagogastroduodenoscopy [15] [16] [17] [18] . Risk factors for developing air embolism that have been reported are prior surgeries of the bile duct system and transhepatic portosystemic shunt [6, 19] , blunt force trauma or penetrating hepatic injury [20] . Natural disease processes associated with an increased risk for developing air embolism have been reported to occur in certain conditions such as hepatic abscesses, inflammatory bowel disease, necrotizing enterocolitis, inflammation of the bile duct (cholangitis) or surrounding veins, mesenteric ischemia [21] [22] [23] and pneumatosis cystoides intestinalis with or without trauma among others [24] [25] [26] [27] .
The air introduced into the venous system may be limited to the portal vein and venous circulation or enter the arterial circulation and cause systemic air embolism, including the cerebral circulation. The amount of intravascular air in our case was very extensive, involving nearly the entire circulatory system. Direct and inadvertent injury of either the venous or arterial circulation certainly can lead to air embolism during endoscopy or ERCP and is probably the most likely mechanism, especially if a sphincterotomy is performed during the procedure with resultant inadvertent vascular and mucosal injury. A vascular injury may occur by transecting delicate and abundant circulation of the small bowel at the papilla of Vater, or by direct instrumentation of the bile duct which can directly introduce air into the portal veins or IVC. Biliary-venous fistulas/shunts and portocaval collaterals are other possible mechanisms reported [6] . Many reported cases for developing systemic air embolism include intracardiac shunts, intrapulmonary right to left shunts, retrograde flow into cerebral veins through superior vena cava, or through pulmonary veins into the left atrium [23, 28] . The most common intracardiac shunt is a patent foramen ovale [29, 30] . Other shunts, such as atrial or ventricular septal defects, pulmonary shunts and arterio-venous shunts could potentially cause systemic air embolism.
A proper diagnosis of air embolism in forensic medicine has many important implications, not only from a civil litigation point of view, but also in criminal cases. In clinical medicine, air embolism can be confirmed with precordial ultrasound Doppler, transesophageal echocardiography and multi-detector computed tomography. In forensic medicine, identification of air embolism is not straightforward and is more complicated. Not only putrefactive gas production presents a challenge in differential diagnosis, but also certain other factors, such as sepsis and obesity can produce putrefactive gases faster.
It is crucial to anticipate the possibility of air embolism in suspected cases to prevent introduction of artifactual air. The presence of air in autopsy cases does not necessarily indicate air embolism and has to be differentiated from putrefactive changes. One of the earliest methods, described by Mercier [7] and still used, includes puncturing of the right ventricle after opening and filling the pericardial sac with water. The presence of air in the right side of the heart is interpreted as air embolism, if the same procedure, performed on the left ventricle, is negative for air. If air is present in both sides of the heart, then the results cannot be interpreted. This method, although easy to perform, cannot distinguish air embolism from post-mortem gas production and is therefore unreliable. Another method is the use of aspirometer first described by Dyrenfurth [8] . This tool enables aspiration and quantification of intracardiac air, which is then analysed by gas chromatography and has demonstrated as a valid method to differentiate putrefactive gas from air embolism [31] . The results of this method should be interpreted with caution as the amount of different gases in the heart blood can change rapidly. As pointed out by Groppi et al. in an experimental analysis with injection of O 2 /O 3 in three bodies, the CO 2 appeared in the heart blood immediately while O 2 decreased rapidly and N 2 remained relatively stable. These results could be misunderstood as putrefactive gas [9, 32] . Carbon dioxide was used in our case as primary gas to dilate the intestine. The presence of high CO 2 could possibly be misinterpreted as putrefaction. The combination of gases used, for example in scuba diving fatalities with barotrauma or endoscopy should be considered when interpreting the gas chromatography results.
Multi-detector PMCT is another method to identify air embolism and the distribution of gas in the body. Egger at al. investigated the incidence and distribution of post-mortem gas to identify factors to distinguish putrefactive gas from cardiac air embolism in 119 cases. Using a grading system of I-III, they interpreted the amount and location of gas in different locations of the body and concluded that the presence of large amounts of air in the right heart and no or minimal amount of hepatic parenchymal air must have originated from a process other than putrefaction [33] . Using the same grading system, the PMCT findings in our case was grade III for cardiac air and grade 0-I for hepatic parenchymal air (Figures 2, 5-7) .
In the presented case, the patient had several risk factors as well as multiple possible mechanisms for developing air embolism: (1) the patient had a history of Whipple procedure and underwent radiation treatment. The combination of these two therapeutic modalities caused extensive fibrosis of the upper abdominal region and anatomic distortion, including altered papillary anatomy in the form of hepaticojejunostomy. Although fistulas or vascular shunts were grossly not identified due to dissection difficulty, these were the most likely aetiologies for systemic air embolism in this case. The patient's multiple episodes of occult upper GI bleeding are also suggestive of a vasculo-intestinal shunt/fistula. (2) The presence of mycotic and occlusive thrombosis of portal and hepatic veins could have caused collaterals or even arterio-venous fistulas. (3) The presence of cholangitis also weakens the mucosal barrier of the bile duct, allowing for the insufflated air to enter the blood circulation directly. (4) A hepaticojejunostomy is not a "true" sphincter like papilla of Vater and allows air to easily enter the bile ducts. (5) Extensive histologic pulmonary findings (granulomas, previous evidence of aspiration and fibrosis) could have caused intrapulmonary shunts allowing the venous air to enter the systemic circulation.
Identification of air embolism in forensic pathology is based on multiple factors and findings. The clinical presentation is the first important clue, which should prompt the pathologist to follow proper procedures. A chest X-ray should be performed to identify air in the right ventricle. If a CT scanner is available, it should be performed and is preferable to analogue chest X-ray. PMCT not only identifies air in the heart, but also cerebral air, distribution of air and intraparenchymal air to identify putrefactive changes. The interpretation of PMCT findings is not straightforward and should be done by a radiologist with experience in PMCT or a pathologist with experience in PMCT interpretation. The presence of air on PMCT or analogue X-ray is not diagnostic of vital air and should be confirmed by aspirometer and gas chromatography.
In our case, the diagnosis of air embolism was based on the result of echocardiography at the hospital (intracardiac air) and the amount and distribution of air on PMCT, using the grading scale described by Egger et al. An aspirometer would have been used, if the result of echocardiography was unknown.
In summary, this case demonstrates a rare complication of upper GI endoscopy. Therefore, pathologists should be aware of this rare complication and undertake the necessary steps to diagnose a possible air embolism.
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